Infestation of small ruminants by ectoparasites such as ticks, mites, lice and fleas could lead to considerable economic loss due to morbidity, mortality and skin rejection. A cross-sectional study was carried out to estimate the prevalence of ectoparasites of small ruminants and to identify different ectoparasite fauna in and around Kombolcha, northeastern Ethiopia. Semi-structured questionnaire was used to generate preliminary data. The study also employed clinical examination and laboratory identification of different ectoparasites into genera and species level. A total of 350 small ruminants (147 sheep and 203 goats) were sampled and examined for prevalence of ectoparasites. The result of the questionnaire survey indicated that sheep and goats were the main species of animals raised by the farmers. The overall prevalence of ectoparasites were 25.7% (90/350), in which 25.9% (38/147) and 25.6% (52/203) prevalence were recorded in sheep and goats, respectively. The proportion of ectoparasites include: lice (11.7%), ticks (7.4%), mites (4.0%) and fleas (2.6%) in descending order. A. variegatum, R. evertsi, S. caprae, D. caprae, L. africanus, D. caprae, S. ovis and C. canis were identified at species level. There was no statistically significant association (p>0.05) between the prevalence of ectoparasites and the species, sex, age and body condition except Rhipicephalus decoloratus which was significantly higher in sheep with poor body condition. The study revealed ectoparasites to be one of the main constraints to small ruminant production in the area and hence warrants further strategic intervention.
Introduction
Ethiopia is believed to have the largest livestock population in Africa which has been contributing a considerable portion to the economy (CSA, 2017) . It is well known that livestock products and byproducts in the form of meat, milk, honey, eggs, cheese and butter supply the needed animal protein that contributes to the improvement of the nutritional status of the people. Livestock sector also plays an important role in providing export commodities, such as meat, live animals, hides, and skins (Abunna et al., 2009) .
Small ruminants are among the important sources of animal protein. It has been estimated that there are more than 30.7 million sheep and 30.2 million goats in Ethiopia (CSA, 2017) . They provide 35% of meat and 14% of milk consumption (Ashenafi et al., 2013) . However, their contribution to food production and income generation is far below the expected potential. The reduced contribution would be due to the combined effects of several factors among which ectoparasitism is the utmost (Kumsa et al., 2012) . Ectoparasites such as ticks, mites, lice, and fleas affect a large population of sheep and goats in the country (Kumsa et al., 2012; Beyecha et al., 2014) . They are one of the major hindrances to the productivity of small ruminants (Fthenakis et al., 2001) . In addition, studies from different parts of Ethiopia showed that skin quality deterioration is very evident mainly due to ectoparasite (Sertse, 2004; Hailu et al., 2008a; Ashenafi et al., 2013) . Ectoparasites are reported to cause a wide range of health problems such as mechanical tissue damage, irritation, inflammation, hypersensitivity, abscesses, weight loss, and anemia. The occurrence and spread of these problems had been shown to correlate with host factors, poor management, climatic factors, feed scarcity and inadequate veterinary services (Solomon et al., 2003) .
For the last three years Amhara Regional State practiced ectoparasite control program in livestock using acaricides (MoARD, 2005; Kleemann, 2008) . Despite implementation of the control programs in the region, ectoparasite infestation is still problematic in the region including other northern parts of Ethiopia. For example, Jarso et al (2014) reported 2.7% and 5.7% mange prevalence in sheep and goats respectively in Kombolcha. Furthermore, Mulugeta et al (2010) found 58% in goats and 55.5% prevalence of ectoparasites in sheep in Tigray Regional State after the implementation of the same control program. Therefore, the objectives of the present study were to estimate the current prevalence of ectoparasite infestation in small ruminants, to identify major risk factors associated with the occurrence of ectoparasites and to identify the main ectoparasite species in small ruminants in the area.
Materials and methods

Study area and study animals
The study was conducted in and around Kombolcha, Amhara Regional State, Ethiopia. The area is found 377 km northeast of Addis Ababa with an altitude ranging from 1500-1840 meters above sea level. The topography of the area is generally marked by the presence of a number of mountains, plateaus, hilly and sloppy areas. The area has a bimodal rainfall with a three-year annual average of 1038 mm. The area has an average temperature of 18°C and a relative humidity that ranges from 23.9% to 79%. The production system of the area is mixed crop-livestock managed under extensive system. Small ruminants in the areas are indigenous breeds which comprise an estimated population of 58,182 goat and 26,957 sheep (ARARI, 2008) .
Study design and sample size determination
A cross-sectional study was conducted from November 2016 to April 2017 to estimate the prevalence of ectoparasites in small ruminants. The sample size required was determined taking in to account the 26.7% expected prevalence (Jarso et al., 2014) , into consideration and using the formula given in Thrusfield (2005) as follows:
Where: n=required sample size; P exp =expected prevalence; d=desired absolute precision, 95% confidence interval and 5% precision. Accordingly, the calculated sample size was n=301. But to increase the precision 350 apparently healthy sheep and goats (147 sheep and 203 goats) were sampled randomly, to estimate the prevalence of ectoparasite on small ruminants. A greater number of goats were sampled because of their predominance in the area.
The explanatory variables considered were species, age, and sex and body condition. Animals were grouped in to poor and good body condition as described by Steele (1996) . The small ruminants were also classified as young (less than two years) and adults (greater than or equal to two years) according to the classification method used by Gatenby (1991) .
Study methodology
Detection of ectoparasites and skin lesions was made through visual inspection and palpation of the skin. Collection of ectoparasites and their classification were performed based on methods described by Soulsby (1992) . Ectoparasites such as ticks, lice and fleas that were encountered either on the skin surface or attached to hair were collected manually from their attachment site. Collected samples were preserved in 10% formalin or 70% ethanol. Skin scrapings from the suspected cases of mange mites were immersed in 10% KOH to detach mites from scabs and crusts. Then samples were submitted to Kombolcha Regional Animal Health Diagnostic and Investigation Center, Parasitology Laboratory and Entomology Section for genus and species identification using stereomicroscopy (Walker et al., 2003) .
Questionnaire survey
A semi-structured questionnaire was prepared and 70 livestock owners or members of the household were interviewed to obtain general information on the importance of raising sheep and goat, the production system, their awareness on ectoparasites that affect small ruminants, relation between seasonal variation and ectoparasite infestation, and treatment approach to alleviate ectoparasite infestation. For this purpose, animal owners from 10 Peasant Associations (PAs) were selected as representatives of 21 PAs and 7 individuals were asked in each PA.
Data management and analysis
All the data analysis was conducted by the Statistical Package for Social Science (SPSS) software version 20. Descriptive statistics such as percentages and frequency distribution were used to describe the nature and the characteristics of the data. The association of different risk factors with the prevalence of ectoparasites was computed by Chi-square (χ 2 ) test. In all the analysis, comparisons having a p-value less than 0.05 (p<0.05) were considered as statistically significant.
Results
The result of the questionnaire survey indicated that sheep and goats were the main species of animals owned by the farmers in the study area. The main objectives of keeping small ruminants were for income generation and use of their dung as fertilizer. About 96% (67/70) of the respondents explained that they were aware of the threats posed by ectoparasite in sheep and goats. In addition, 83% (58/70) of the respondents have practiced modern care treatment against ectoparasite of small ruminants. However, 17% (12/70) respondents used traditional treatment such as washing with soap, application of animal feces and burning on the festoon area of the ticks while the tick is on the skin of the animal.
The main skin diseases of small ruminants mentioned by respondents were lice, tick, mange mite and fleas, and small ruminants were the highly affected species of animals. Concerning the seasonality of most ectoparasite infestation, 64% (45/70) of the respondents agreed that the infestation load is highly aggravated after a long rainy season. Eighty-five percent (60/70) of the respondents also replied that direct contact of small ruminants at communal grazing and barn areas is the main transmission area of ectoparasites.
The present study showed that 25.7% (90/350) were infested with one or more ectoparasites. Of the total ectoparasites identified, 2.6% (fleas), 4.0% (mites), 7.4% (ticks) and 11.7% (lice) were recorded. The prevalence of ectoparasites in sheep and goats were 25.8% and 25.6%, respectively. Prevalence of ticks (8.2%) and mites (4.1%) in sheep was higher than goats, while prevalence of lice (11.8%) and fleas (2.9%) in goats was relatively higher than in sheep, lice (11.6%) and flea (2.0%). However, there was no statistically significant variation (p> 0.05) in the prevalence of ectoparasites between the two species of animals (Table 1) . The prevalence of ectoparasites had no significant association (p>0.05) with sex, age and body condition score in goats (Table 3) . In sheep, Rhipicephalus decoloratus infestation has statistically significant association (p<0.05) with body condition while the other species of ectoparasites did not show significant difference with sex, age, and body condition (Table 4) . 
Discussion
The study revealed that ticks, lice, fleas and mange mites were found to be common ectoparasites of small ruminants in the study area. The prevalence of ectoparasite infestation in sheep (25.8%) and goats (25.6%) in the current study were lower than the previous studies conducted in Western Ethiopia (61.4% in sheep and 57.7% in goats), Northern Ethiopia (50.5% in sheep and 56.4% in goats), Amhara Regional State (50.5% in sheep and 56.4% in goats) and Northern Ethiopia (55.5% in sheep and 58.0% in goats) (Sertse and Wossene, 2007; Mulugeta et al., 2010; Sertse, 2004) . Such differences may arise from the difference in agro-climatic conditions, season, and the level of management and health provided to small ruminants in the study sites.
In the current study, although no statistically significant difference was observed, sheep relatively harbored higher level of ectoparasites infestation than goats. A study conducted in Northwest Ethiopia by Seyum et al (2015) recorded higher prevalence of ectoparasites in sheep (47.7%) than goats (38.5%). Simi-larly, a study conducted in Wolaita Soddo by Hailu et al (2008b) recorded a higher prevalence in sheep (68.7%) than goats (28.4%). Goats are considered to be relatively resistant to ectoparasites probably because of their self-grooming, licking, scratching, rubbing and grazing behavior which could contribute for rapid ectoparasite elimination (Wall and Shearer, 2001; Pegram et al., 2004) . Interestingly, Makelesh (2010) and Sertse and Wossene (2007) reported significantly higher prevalence of ectoparasites in goats than sheep.
In the present study, Rhipicephalus decoloratus in sheep was highly prevalent in animals with poor body condition (p<0.05). A higher prevalence of ticks in poor body conditioned small ruminants has also been reported from eastern parts of Ethiopia (Tamerat and Zeryihun, 2015) . The findings of three genera and five species of ixodid ticks on goats and two genera and three species of Ixodid ticks on sheep of the current study is in line with the previous works conducted in different parts of Ethiopia (Abunna et al., 2009; Abera et al., 2010; Bekele et al., 2011) . The prevalence of mange mite was 4.1% in sheep and 3.9% in goats. This result is in line with the prevalence of 2.6% in sheep and 3.9% in goats from Sidama Zone (Teshome, 2002) ; 3.34% in sheep from Haramaya district, East Hararge zone, Ethiopia (Bedru and Tafese, 2017) , 2.7% in sheep and 5.7% in goats in Kombolcha (Jarso et al., 2014) , and 4% in sheep and 3.2% in goats from Bahir Dar, north-west Ethiopia ( Amuamuta et al., 2012) . However, our result was lower than the 11.7% prevalence reported in goats in Kombolcha (Zeryihun and Lemma 2012) . This difference could be probably due to strategic control program being taken at the study area to minimize the prevalence of ectoparasites in small ruminants. The reason why mange infestation in this study is relatively high in sheep (4.1%) than in goats (3.9%) might be due to hairy coat of sheep which creates conducive environment (high temperature and humidity) for mite infestation (Panqui, 1994) . This result however disagrees with the report of Teshome (2002) from Sidama zone.
The overall prevalence of lice infestation in the present study was 11.6% in sheep and 11.8% in goats which was higher than previous prevalence findings of 1.3% in sheep and 6.1% in goats in southern Ethiopia ,7.45% in sheep and 5.13% in goats in western Ethiopia (Sertse and Wossene, 2007) , and 2.0% in sheep, 1.5% in goats in central Ethiopia (Mohammed, 2001) , and 2.0% in sheep and 1.5% in goats in Oromia Regional State (Hailu et al., 2008a) . But it was lower than the findings in northern part of the country where a 39.80% and 29.20% prevalence in sheep, and in goats, respectively were reported (Sertse, 2004) . Such differences may arise from differences in agro-climate, management, and health care of sheep and goats in the study sites and the sensitivity of the diagnostic method used to reveal ectoparasites.
Among the three species of lice (Linognathus africanus, Damalina caprae and Damalina ovis), Linognathus africanus was species of lice identified with prevalence of 6.8% and 7.9% in sheep and goats, respectively. Lice infestation was also reported to be higher in debilitated animals that suffer from malnutrition and intestinal parasitism (Pugh, 2002) . During questionnaire survey the result of interviewed respondents also showed that small ruminant that had poor body condition were highly susceptible to lice. In the current study, two flea species were identified namely Ctenocepalidae felis and Ctenocepalidae canis and Ctenocepalidae felis was found only in sheep. This study revealed no significant difference (p>0.05) for the occurrence of flea species between sheep and goats.
Conclusion
Lice were the most abundant ectoparasites in the study area followed by tick, mange mite, and flea. The presence of these ectoparasites can cause several constraints on the livestock production resulting in important economic loss due to disease transmission, morbidity, and mortality. Good animal management and veterinary services should be practiced to control ectoparasite infestation. Furthermore, detailed studies should be conducted on the seasonal relationship and epidemiology of ectoparasites in order to set appropriate measures.
